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® Process for manufacturing thin film transistor. 

® In a process for manufacturing a thin film tran- 
sistor, a first polysllicon layer (11) is formed on a 
substrate, a dielectric layer (12) is formed on part of 
the first layer, and a second pofysilicon layer (13) Is 
formed on, and over the same area as, the dielectric 
layer. A layer (14) of refractory metal, such as 
titanium, is then deposited on the second poly silicon 
layer and on the exposed regions of the first poly- 
silicon layer. A reaction is then caused, for example, 
by annealing, between the metal layer and the poly- 
silicon layer so that silicide regions are formed to 
provide source, gate and drain electrodes (15,16,17). 
Unreacted areas of the metal layer are then removed 
by selective etching. 



Fig. 2(a). 
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This invention relates to the manufacture of 
thin film transistors (TFTs) by the deposition of 
polysilicon. 

Figure 1 of the accompanying drawings illus- 
trates the first steps in a well-known process for the 
formation of a polysilicon TFT. Firstly, a layer 1 
(Figure 1(a)) of silicon dioxide is deposited on a 
glass substrate 2. A layer 3 of polysilicon is then 
formed over a region of the silicon dioxide layer. A 
further layer 4 (Figure 1(b)) of silicon dioxide is 
formed on the layer 3, and a gate region 5 of 
polysilicon is formed on the layer 4. The gate 
region 5, and regions 6 and 7 of the layer 3 
projecting beyond the gate region, are then doped 
(Figure 1(c)) by ion implantation to form gate, 
source and drain regions, respectively, of n* poly- 
silicon. Contact layers (not shown) are subsequent- 
ly formed over the regions. During the ion im- 
plantation process, the gate region 5 acts as a 
mask, which should prevent doping of the central 
region 8 of the layer 3. However, unless very 
careful control over the ion implantation process is 
maintained, the doped regions 6 and 7 will extend 
underneath the gate region 5, forming parasitic 
capacitances between the gate and the source and 
between the gate and the drain. The capacitances 
will reduce the speed of operation of the device. 
The junctions formed in the polysilicon by the 
known process are not well-defined, because en- 
hanced diffusion of the dopant down the grain 
boundaries occurs during annealing of the device. 

Furthermore, the ion implantation process ac- 
counts for a major part of the cost of forming the 
device. Moreover, ion. implantation is not suitable 
for the production of TFTs over a large area. 

In an alternative known process, (not shown), 
doped source and drain regions similar to the re- 
gions 6 and 7 are deposited on the lower silicon 
dioxide layer. A layer of polysilicon is formed over 
those regions, followed by a silicon dioxide layer. A 
doped gate region similar to the region 5 is then 
formed centrally on the silicon dioxide layer. There 
is a considerable likelihood that the gate region will 
overlap the edges of the source and drain regions, 
and parasitic capacitances such as mentioned 
above will result 

H is an object of the present invention to pro- 
vide a process for manufacturing polysilicon TFTs 
which does not involve the use of ion implantation 
to produce the conductive regions, and in which 
the production of the above-mentioned parasitic 
capacitances is avoided. 

According to the Invention there is provided a 
process for manufacturing a thin film transistor, 
comprising the steps of forming a first polysilicon 
layer on a substrate; forming a second polysilicon 
layer over a region of said first polysilicon layer 
and insulated therefrom by a dielectric layer of the 



same area as said second polysilicon layer; depos- 
iting on said second polysilicon layer and on the 
exposed regions of said first polysilicon layer a 
layer of refractory metal; and causing a reaction 
s between the metal layer and the polysilicon layers 
whereby silicide regions are formed to provide 
source, gate and drain electrodes. 

An embodiment of the invention will now be 
described, by way of example, with reference to 
10 the accompanying drawings. In which 

Figure 1 illustrates steps in a known TFT manu- 
facturing process as described hereinbefore, 
and 

Figure 2 illustrates steps in a process in accor- 

15 dance with the invention. 

Referring to Figure 2(a), in a process in accor- 
dance with the invention a layer 9 of silicon dioxide 
is deposited on a substrate 10 of glass or other 
suitable material. A layer 11 of polysilicon (Figure 

20 2(b)) is then formed over a region of the silicon 
dioxide layer 9. A thin (e.g. 1000A thick) layer 12 of 
silicon dioxide (Figure 2(c)) is formed over the 
preceding layers, and a thin (e.g. 1000A thick) 
layer 13 of polysilicon (Figure 2(d)) is deposited on 

25 the dielectric layer 12, over a central region of the 
polysilicon layer 1 1 , to act as the gate of the TFT. 

The areas of the dielectric layer 1 2 which are 
not covered by the layer 13 are then removed by 
etching (Figure 2(e)), and a thin film (e.g. of 500A 

30 thickness) 14 of titanium is deposited over the 
device by evaporation (Figure 2(f)). The device is 
then subjected to an annealing process, during 
which titanium silicide is formed on the polysilicon 
layers 11 and 13. The annealing period must be 

35 long enough for an adequate titan ium/siii con reac- 
tion to take place, but not sufficiently long for the 
silicon to diffuse so far through the titanium layer 
that there is a danger of shorting between the gate 
electrode and the source and drain regions due to 

40 silicide formation on the edges of the dielectric 
layer 12. For example, the annealing may be af- 
fected at 600* C for ten minutes. In general, the 
annealing temperature should be greater than 
500* C, unless ion bombardment is used to encour- 

45 age the titanium/silicon reaction. During the anneal- 
ing process, various unwanted products are formed 
by reactions on the dielectric layers. 

The layer 14 is then subjected to a selective 
etching process, which removes the unreacted 

so areas of the layer 14 together with the above- 
mentioned unwanted products. The etching may be 
effected by, for example, ammonium hydroxide or 
a 1:1 mixture of hydrogen peroxide and sulphuric 
acid. Silicided areas 15.16 and 17 (Figure 2(g)) are 

ss thereby left on the source, gate and drain regions. 

The device is then annealed again, preferably 
for a longer period, to complete the titanium/silicon 
reaction, thereby stabilising the silicided areas. An 
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annealing period of 60 minutes at 600 " C is pro- 
posed. 

The silicided areas provide source, gate and 
drain contacts, and the need to provide heavily- 
doped source and drain regions is thereby avoided. 

An Insulating layer 18 (Figure 2(h)) formed, for 
example, of silicon dioxide, is deposited over the 
device, apertures 19, 20 and 21 are formed there- 
through {Figure 2(i)), and a layer of aluminium is 
deposited and etched to provide source, gate and 
drain contacts 22,23 and 24, respectively (Figure 2- 
0)). 

Although in the preceding description titanium 
is proposed for the layer 14, other refractory met- 
als, such as molybdenum, chromium and tungsten, 
might be used. The annealing periods and tem- 
peratures may then require appropriate adjustment 

The metal layer 14 is preferably evaporated on 
to the device, as indicated above, in order to re- 
duce deposition on to the vertical edges (as viewed 
in the figures) of the layers. The thickness of the 
layer Is chosen to be appreciably less than the 
thickness of the gate dielectric layer 12, but suffi- 
ciently thick to provide an adequate siliclde forma- 
tion. 

The unusually thin polysilicon gate electrode 
layer 13 is used in order to reduce the capacitance 
of the electrode, which would otherwise be larger 
than usual due to the use of un doped polysilicon. 

As mentioned above, the provision of the self- 
aligned silicided regions alone to make contact with 
the channel region obviates the need for the con- 
ventional expensive ion implantation process for 
providing the source, gate and drain electrodes. 
Indeed, the polysilicon layers 11 and 13 can be 
completely undoped. It is found that the Schottky 
barriers formed in the present process result in 
good transistor performance. 

Although the formation of a single transistor is 
described above, it will be apparent that many 
transistors can be formed simultaneously over a 
targe area by suitable masking, and by subsequent 
sill nidation a multiplicity of source, gate and drain 
regions will be formed. Large-area arrangements 
cannot be formed by the conventional processes. 
The equipment used in such processes can pro- 
duce devices on a substrate no larger than, say, 1 5 
x 20 cms, and then only after very long processing 
times. 

Claims 



the same area as said second polysilicon lay- 
er; depositing on said second polysilicon layer 
and on the exposed regions of said first poly- 
silicon layer a layer (14) of refractory metal; 
s and causing a reaction between the metal lay- 

er and the polysilicon layers whereby silicide 
regions are formed to provide source, gate and 
drain electrodes (15,16,17). 

io 2. A process as claimed in Claim 1 , characterised 
in that unreacted areas of the layer (14) of 
refractory metal are removed by a chemical 
selective etching operation. 

75 3. A process as claimed in Claim 2, characterised 
In that the selective etching is effected by 
ammonium hydroxide or a 1:1 mixture of hy- 
drogen peroxide and sulphuric acid. 

20 4. A process as claimed in any preceding claim, 
characterised in that the reaction is caused by 
annealing of the layers. 

5. A process as claimed in Claim 4, characterised 
25 in that the annealing is effected at a tempera- 
ture not less than 500 " C. 

6. A process as claimed in any one of Claims 1- 
3, characterised in that the reaction is caused 

so by a combination of annealing and ion bom- 

bardment of the layers. 

7. A process as claimed in any one of Claims 4 
to 6, characterised in that after removal of 

35 unreacted areas of the layer (14) of refractory 

metal the layers (11,13)are further annealed to 
complete the silicidation process. 

8. A process as claimed in any preceding claim, 
40 characterised in that the refractory metal is 

titanium, molybdenum, chromium or tungsten. 

9. A process as claimed in any preceding claim, 
characterised in that the refractory metal layer 

45 (14) is deposited by an evaporation technique. 



so 



1. A process for manufacturing a thin film transis- 
tor, characterised by the steps of forming a 
first polysilicon layer (11) on a substrate (10); ss 
forming a second polysilicon layer (1 3) over a 
region of said first polysilicon layer and In- 
sulated therefrom by a dielectric layer (12) of 
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Fig. 1(c). 
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Fig. 2(a). 




Fig. 2(d). 
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